###### Strengths and limitations of this study

-   This review is the first to identify outcomes of various rehabilitative interventions in patients with infectious encephalitis and represents a starting point to help close the knowledge gap at a clinical level.

-   This review has a stringent methodology including high sensitivity and specificity of search terms and clear inclusion and exclusion criteria.

-   A limitation of this review is that most studies used a case series/study or observational design that is subject to bias and confounding.

-   The scarcity of studies and/or data that measured standardised indicators of rehabilitation outcomes with regards to patients diagnosed with infectious encephalitis is a limitation.

-   Studies with high heterogeneity and varying design may limit the quality of evidence from this review.

Introduction {#s1}
============

Infectious encephalitis is an inflammatory disease of the brain membrane and parenchyma due to infectious agents (ie, virus, bacteria, fungi and parasites).[@R1] These infectious agents may influence the central nervous system function and can cause significant chronic neurological deficits, including speech or hearing deficits, seizures, altered mental status and, in more severe cases, loss of consciousness.[@R1] Viral aetiologies account for 32%--57% of infectious cases[@R2] of encephalitis that come to medical attention while other infectious, postinfectious and non-infectious aetiologies represent a smaller proportion of all diagnosed cases.[@R3]

Despite relatively low age-specific incidence rates for encephalitis, ranging from 3.24 per 100 000 individuals (5--19 years of age) to 15.7 per 100 000 individuals (75--79 years of age),[@R3] compared with other acquired brain injurie (eg, traumatic brain injury (TBI) or non-TBI (ie, stroke)),[@R8] the hospitalisation cost of this condition and its related sequelae are significant.[@R11] In the USA, an estimated healthcare cost of encephalitis-associated hospitalisations was US\$650 million between the period of 1988 and 1997 and increased to US\$2.0 billion between 1998 and 2010.[@R4] Likewise, the cost of encephalitis hospitalisation to the National Health Service in England has been estimated to be as high as US\$60 million per year.[@R7]

In addition to the direct healthcare costs, encephalitis remains a public health issue of a greater importance due to its associated morbidity and mortality.[@R13] In terms of the related sequelae that follows the diagnosis of infectious encephalitis, it is reported that nearly half of the long-term survivors (follow-up time ≥12 months) of childhood encephalitis experienced some form of a neurodevelopmental deficit.[@R14] The most commonly reported sequelae included developmental delay (35.0%), abnormal behaviour (18.0%) and intellectual deficit (17.5%).[@R14]

Certain aetiologies of encephalitis are more severe than others, with mortality rates varying between 10% and 30%.[@R15] For example, herpes simplex virus (HSV) encephalitis, a common type of infectious encephalitis, has a mortality rate of 5%--20% when an antiviral treatment is applied and up to 70% with no availability of acyclovir.[@R16] Among those who survive, level of morbidities differ considerably, with an estimated 20%--60% of survivors reported to have chronic deficits,[@R15] including neurological impairments, movement disorders, aphasia, behavioural abnormalities and cognitive deficits.[@R20] The recovery from encephalitis varies from a rapid and complete recovery within days to weeks[@R23] to a prolonged or incomplete recovery,[@R25] for which rehabilitation, as a basic foundation of care, is needed.

Despite the number of persistent deficits associated with infectious encephalitis, outcomes following rehabilitative interventions for patients diagnosed with infectious encephalitis are sparsely documented. Earlier studies focused on the epidemiology and rehabilitation outcomes of patients with encephalitis have acknowledged the absence of this patient population in inpatient rehabilitation programmes and the growing importance of admitting such patients.[@R21]

While examining rehabilitation outcomes of this population, it is also important to identify any differences and similarities in rehabilitation outcomes among male and female patients, as such differences have been documented in other patient populations.[@R28] For example, differences in the risk of developing post-traumatic stress disorder,[@R30] symptoms manifestation and severity between sexes[@R31] and how well males and females respond to intervention[@R32] and seek healthcare[@R34] have all been discussed in current literature. In addition to potential sex differences in outcomes, previous studies have noted patient's age,[@R35] baseline status[@R37] and type of applied intervention type (ie, physical therapy and cognitive therapy) as being associated with differences in rehabilitation outcomes.[@R38]

To the best of our knowledge, there is currently no systematic review on rehabilitation outcomes among patients with residual impairments of neurological functions following infectious encephalitis. Thus, using a best evidence synthesis approach,[@R39] we aimed to: (1) summarise evidence of efficacy of interventions and associated rehabilitative outcomes within observational and experimental studies among children and adult patients with a primary diagnosis of infectious encephalitis; (2) describe results taking sex, age, baseline patients' characteristics and type of intervention into consideration; and (3) discuss future directions for research on rehabilitation outcomes of infectious encephalitis.

Methods {#s2}
=======

This review was conducted in compliance with the Preferred Reporting Items for Systematic Reviews and Meta-Analyses as shown in [figure 1](#F1){ref-type="fig"}.[@R40] The protocol for this systematic review was registered with the International Prospective Register of Systematic Reviews[@R41] on 13 November 2015 (registration number CRD42015029217) and can be accessed at <http://bmjopen.bmj.com/content/6/3/e010754.full>.

![Our search yielded 12 737 citations, with an additional eight records identified from a grey literature database and two by hand-searching the reference lists of included studies. Figure 1 details our search and selection process. We selected reviews that, based on our inclusion criteria, had a full-text version available and examined a type of a rehabilitation intervention administered to patients with infectious encephalitis and excluded records that were (1) theoretical articles or review of treatment approaches; (2) studies describing pharmacological-based interventions not focused on rehabilitation as defined by the WHO; (3) studies not providing predata/postdata of intervention; and (4) studies not presenting results using patient outcome measure. We identified 20 studies that met both first and second screen criteria.](bmjopen-2017-015928f01){#F1}

Patient and public involvement {#s2a}
------------------------------

There were no patients or applicable public involved in this review.

Inclusion and exclusion criteria {#s2b}
--------------------------------

All studies that reported outcome data of rehabilitation interventions delivered to patients with a primary diagnosis of infectious encephalitis in an inpatient, outpatient or community rehabilitation setting were considered eligible in this review. We used the WHO's definition of 'rehabilitation' as 'any intervention that includes a process aimed at enabling patients to reach and maintain either their optimal physical, sensory, intellectual, psychological, or social functional levels by providing disabled patients with the tools they need to attain independence and self-determination'.[@R42] All English-language peer-reviewed studies published before 15 December 2017 were considered eligible. We included original studies of all methodology hierarchies: experimental (ie, randomised control trials (RCTs) and pseudo-RCTs), comparative (ie, concurrent or historical control, cohort, case--control and interrupted time series) and other observational (ie, case series and pretest/post-test) studies.

The following exclusion criteria for the full-text screen were applied: (1) theoretical articles or review of treatment approaches; (2) studies describing pharmacological-based interventions not focused on rehabilitation as defined by the WHO; (3) studies not providing predata/postdata of intervention; and (4) studies not presenting results using patient outcome measures (ie, functional measures and neuropsychology scores). [Figure 1](#F1){ref-type="fig"} displays the study selection process.

Search strategy {#s2c}
---------------

Five electronic databases were searched for studies published before 15 December 2017:MEDLINE In-Process & Other Non-Indexed Citations and MEDLINE (from 1946).Embase (from 1974).PsycINFO (from 1805).CINAHL (from 1981).Cochrane Central Register of Controlled Trials (from 2005).

The search strategy presented in online [supplementary file 1](#SP1){ref-type="supplementary-material"} was derived using relevant published reviews as guides.[@R43] The various search terms were categorised from two main terms: (1) encephalitis and (2) rehabilitation. The concept 'encephalitis' included the proxy terms for encephalitis such as 'encephaliti\*', 'encephalopath\*', 'Rasmussen\* syndrome' and 'brain inflammation'. These proxy terms were included to increase the likelihood of capturing all studies that encompassed patients with infectious encephalitis. The second concept, 'rehabilitation', purposely included various types of rehabilitation therapies (ie, physical, occupational and speech-language) in order to capture a comprehensive list of rehabilitation services used on patients with infectious encephalitis. Additional proxy terms for the 'rehabilitation' concept were used, including 'length of stay', 'recovery of function', 'functional outcome', 'functional independence measure', 'functional recovery', 'discharge destination' and 'discharge status.' This ensured all studies focused on reporting rehabilitation outcomes from different types of rehabilitative interventions were included.
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All databases were systematically searched on 1 June 2015; an update to searches was carried out on 15 December 2017. Grey literature was searched using Google, Google Scholar and 'Grey Matters, A Practical Search Tool for Evidence-Based Medicine'. Grey literature for this search was defined as 'document types produced on all levels of government, academics, business and industry in print and electronic formats that are protected by intellectual property rights, of sufficient quality to be collected and preserved by libraries and institutional repositories, but not controlled by commercial publishers'.[@R45] As advised by the consulted information specialist (JB), the first 50 results were scanned for each grey literature source. In addition, the reference lists of studies passing the second screen were hand-searched on. Results of the eligible studies were saved in the electronic reference management system EndNote x7.

Study selection {#s2d}
---------------

A two-stage screening process for selecting eligible studies was undertaken by two reviewers (SC and TM). The title and abstract screen was conducted on all retrieved studies. In order for a study to pass the first screen, the study must have had a full-text version available and examined a type of a rehabilitation intervention administered to patients diagnosed with infectious encephalitis. Studies that met the first screen inclusion criteria were then included for the second screen, a full-text screen. The same two reviewers independently assessed all full-text studies against the exclusion criteria. Studies failing to meet the inclusion criteria were excluded, with reasons listed in [figure 1](#F1){ref-type="fig"}.

Data extraction {#s2e}
---------------

Two reviewers (SC and TM) independently extracted data using a predefined table adapted from Mollayeva *et al* [@R46] as shown in [table 1](#T1){ref-type="table"}. [Table 1](#T1){ref-type="table"} displays data as categorised by study design and included data on the authors (year), country, rehabilitation setting, study design characteristics (objectives, intervention type and level of evidence), inclusion/exclusion criteria, participant characteristics (sample size, attrition rate, age and sex of the population, time since infection, infectious agent, outcome measures, statistical method, preintervention/postintervention scores and list of other co-occurring intervention. The age of the population was categorised as paediatric population (≤19 years old) and adult population (\>19 years old), based on the WHO age categories. [@R47]

###### 

Summary of study characteristics by study design

  --------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Author\                           Objective\                                                                                 Inclusion criteria/\                                                                                                                                                                                          Sample size (N)\             Infectious\                                                                              Outcome\                                                                                                                                                   Statistical method                                                                                            Scores                                                                   Other co-occurring interventions                                                                                                   
  (year)\                           Intervention type (IT)\                                                                    exclusion criteria\                                                                                                                                                                                           Attrition\                   agent (IA)                                                                               measures                                                                                                                                                                                                                                                                                                                                                                                                                                                                             
  Setting\                          Level of evidence                                                                          (IC/EC)                                                                                                                                                                                                       Age (year)\                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                
  Country                                                                                                                                                                                                                                                                                                                                    Sex\                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                       
                                                                                                                                                                                                                                                                                                                                             Time since infection (TSI)                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                 
  --------------------------------- ------------------------------------------------------------------------------------------ ------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------- ---------------------------- ---------------------------------------------------------------------------------------- ---------------------------------------------------------------------------------------------------------------------------------------------------------- ------------------------------------------------------------------------------------------------------------- ------------------------------------------------------------------------ ---------------------------------------------------------------------------------------------------------------------------------- --------------------------------------------------------------------------------------------------------------------------
  Randomised crossover                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                  

  Emslie *et al* [@R54]\            To address rehab of memory and organisational problems with paging system.\                IC: pts. with encephalitis from larger group of patients with non-progressive brain injury.\                                                                                                                  n=4.\                        HSV (n=3), mycoplasma encephalitis (n=1).                                                Task success (%) of messages and target behaviours.                                                                                                        OR test                                                                                                       T0 (BS)\                                                                 T1 (7 weeks)\                                                                                                                      N/R
  (2007)\                           IT: behavioural therapy.\                                                                  EC: N/R.                                                                                                                                                                                                      Attrition: 0%.\                                                                                                                                                                                                                                                                                                                                                                                Pt 1: 39%.\                                                              Pt 1: 71%.\                                                                                                                        
  Out/pt. rehab centre\             Level: 1A.                                                                                                                                                                                                                                                                                               Age: 30--49 years.\                                                                                                                                                                                                                                                                                                                                                                            Pt 2: 2%.\                                                               Pt 2: 2%.\                                                                                                                         
  UK                                                                                                                                                                                                                                                                                                                                         Sex: 75% M.\                                                                                                                                                                                                                                                                                                                                                                                   Pt 3: 2%.\                                                               Pt 3: 22%.\                                                                                                                        
                                                                                                                                                                                                                                                                                                                                             TSI: 2 months--20 years.                                                                                                                                                                                                                                                                                                                                                                       Pt 4: 81%.                                                               Pt 4: 90%.                                                                                                                         

  Cohort                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                

  Moorthi *et al* [@R21] (1999)\    To describe outcome of pts. rehab.\                                                        IC: Dz. viral encephalitis, potential for function recovery, commitment by family for home discharge.\                                                                                                        n=8.\                        HSV (n=2), James\                                                                        FIM, FIM gain, FIM LOS efficiency, discharge destination.\                                                                                                 N/R                                                                                                           T0 (BS)\                                                                 T1 (5 weeks)\                                                                                                                      Acyclovir
  In/pt.\                           IT: combined therapy.\                                                                     EC: N/R.                                                                                                                                                                                                      Attrition: 0%.\              Town canyon virus (n=1), presumed viral (n=1), parainfectious encephalomyelitis (n=4).   S, MMSE, CCT, MEAMS: cognitive domains tests.                                                                                                                                                                                                                            Mean AFIM: 40.1 (18--79).                                                Mean DFIM: 69.9 (18--107).\                                                                                                        
  rehab centre\                     Level: IIb.                                                                                                                                                                                                                                                                                              Age: 5--75 years.\                                                                                                                                                                                                                                                                                                                                                                                                                                                      Mean FIM gain: 29.8.\                                                                                                              
  USA                                                                                                                                                                                                                                                                                                                                        Sex: 62.5% M.\                                                                                                                                                                                                                                                                                                                                                                                                                                                          Overall FIM LOS\                                                                                                                   
                                                                                                                                                                                                                                                                                                                                             TSI: 24--61 days.                                                                                                                                                                                                                                                                                                                                                                                                                                                       Efficiency: 0.39\                                                                                                                  
                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                     Pts. w AFIM \>30 at 5 weeks from onset had FIM LOS efficiency of 0.64 and all 4 discharged home.\                                  
                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                     Child w AFIM \<30 had FIM LOS efficiency of 1.24 and discharged home.                                                              

  Berner *et al* [@R55]\            To show benefit of geriatric rehab for patients with functional damage.\                   IC: independent function before illness; neurological disability secondary to illness; no cure of neurological damage 2 weeks after recovery from the acute disease; support from family; self-motivation.\   n=5.\                        West Nile Virus (n=5).                                                                   Clinical evaluation, FIM, MMSE, CCT and MEAMS.                                                                                                             N/R                                                                                                           T0 (BS)\                                                                 T1 (20--50 days)\                                                                                                                  N/R
  (2005)\                           IT: combined therapy.\                                                                     EC: N/R.                                                                                                                                                                                                      Attrition: 0%.\                                                                                                                                                                                                                                                                                                                                                                                Avg. FIM: 71 (SD=±8.5).\                                                 Avg. FIM: 102 (SD=±14).\                                                                                                           
  Out/pt. rehab centre\             Level: IIb.                                                                                                                                                                                                                                                                                              Age: 65+ years.\                                                                                                                                                                                                                                                                                                                                                                               Avg. MMSE: 60% (SD=±7.5%).\                                              Avg. MMSE: 90%.\                                                                                                                   
  Israel                                                                                                                                                                                                                                                                                                                                     Sex: 20% M.\                                                                                                                                                                                                                                                                                                                                                                                   Avg. MEAMS: 60% (SD=±9%).\                                               Avg. MEAMS: \>90%.\                                                                                                                
                                                                                                                                                                                                                                                                                                                                             TSI: \<3 months.                                                                                                                                                                                                                                                                                                                                                                               CCT: normal score for four patients.                                     CCT: normal score for all five patients.                                                                                           

  Case series                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                           

  Tailor *et al* [@R52] [@R46]\     Examined functional status of children with encephalitis.\                                 IC: pts between April 1996 and December 2010 at an inpatient paediatric neurorehab unit.\                                                                                                                     n=13.\                       Anti-NMDA receptor (n=1), influenza (n=1), presumed mycoplasma (n=1),\                   WeeFIM                                                                                                                                                     Descriptive statistics, paired t-tests, bivariate correlation analysis conducted on SPSS V.20.0.              T0 (BS)\                                                                 T0 (11--85 days)\                                                                                                                  Unspecified antibiotics and antiviral agents.
  (2013)\                           IT: combined therapy.\                                                                     EC: N/R.                                                                                                                                                                                                      Attrition: 0%.\              West Nile Virus (n=1),\                                                                                                                                                                                                                                                                                                                                           Pt 9: WeeFIM: 26.\                                                       Pt 9: WeeFIM: 65.\                                                                                                                 
  In/pt. rehab centre\              Level: IV.                                                                                                                                                                                                                                                                                               Age: 5--14 years.\           unknown aetiology (n=9).                                                                                                                                                                                                                                                                                                                                          Pt 12: WeeFIM: 34.\                                                      Pt 12: WeeFIM: 75.\                                                                                                                
  USA                                                                                                                                                                                                                                                                                                                                        Sex: 66% M.\                                                                                                                                                                                                                                                                                                                                                                                   Pt 13: WeeFIM: 90.                                                       Pt 13: WeeFIM: 96.                                                                                                                 
                                                                                                                                                                                                                                                                                                                                             TSI: 25--73 days.                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                          

  Rao and Costa[@R53]\              Presents rehab programme of three pts. with HSV.\                                          IC/EC: N/R.                                                                                                                                                                                                   n=3.\                        HSV.                                                                                     Nine hole peg test, all ADLs, homemaking, ambulation, transfers, bowel and bladder, safety, behaviour, speech, comprehension, reading, math and writing.   N/R                                                                                                           T0 (BS)\                                                                 T1 (2--10 weeks)\                                                                                                                  Acyclovir
  (1991)\                           IT: combined therapy.\                                                                                                                                                                                                                                                                                   Attrition: 33%.\                                                                                                                                                                                                                                                                                                                                                                               Pt. 1\                                                                   Pt. 1\                                                                                                                             
  In/pt. rehab centre\              Level: IV.                                                                                                                                                                                                                                                                                               Age: 19--48 years.\                                                                                                                                                                                                                                                                                                                                                                            Nine hole test: L: 18.6 s, R: 20 s.\                                     Nine hole test: L: 17.0 s, R: 18.2 s.\                                                                                             
  USA                                                                                                                                                                                                                                                                                                                                        Sex: 66% M.\                                                                                                                                                                                                                                                                                                                                                                                   ADL: independent.\                                                       ADL: independent.\                                                                                                                 
                                                                                                                                                                                                                                                                                                                                             TSI: 25--75 days.                                                                                                                                                                                                                                                                                                                                                                              Homemaking: minimum supervision.\                                        Homemaking: minimum supervision.\                                                                                                  
                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                            Ambulation: independent.\                                                Ambulation: independent.\                                                                                                          
                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                            Transfers: independent.\                                                 Transfers: independent.\                                                                                                           
                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                            Bowel/bladder: continent.\                                               Bowel/bladder: continent.\                                                                                                         
                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                            Safety: supervision.\                                                    Safety: independent.\                                                                                                              
                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                            Behaviour: argumentive, lack of insight.\                                Behaviour: gaining insight, cooperative.\                                                                                          
                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                            Speech: moderate fluent aphasia.\                                        Speech: less paraphasic error with improved naming.\                                                                               
                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                            Comprehension: moderate impairment.\                                     Comprehension: min. impairment.\                                                                                                   
                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                            Reading, math and writing: moderate to marked impairment.\               Reading, math and writing: moderate impairment.\                                                                                   
                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                            Pt. 2\                                                                   Pt. 2\                                                                                                                             
                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                            Nine hole test: L: 44.0 s, R: 24 s.\                                     Nine hole test: L: 39.0 s, R: 22.8 s.\                                                                                             
                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                            ADL: moderate assistance.\                                               ADL: supervision.\                                                                                                                 
                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                            Homemaking: dependent.\                                                  Homemaking: moderate assistance.\                                                                                                  
                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                            Ambulation: min. assistance.\                                            Ambulation: independent.\                                                                                                          
                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                            Transfers: min. assistance.\                                             Transfers: independent.\                                                                                                           
                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                            Bowel/bladder: incontinent.\                                             Bowel/bladder: continent.\                                                                                                         
                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                            Safety: dependent.\                                                      Safety: supervision.\                                                                                                              
                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                            Behaviour: immature, childlike frequent temper tantrums.\                Behaviour: less frequent, temper tantrums.\                                                                                        
                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                            Speech: marked impairment.\                                              Speech: moderate impairment.\                                                                                                      
                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                            Comprehension: marked impairment.\                                       Comprehension: moderate impairment.\                                                                                               
                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                            Reading, math and writing: marked impairment.\                           Reading, math and writing: moderate impairment.\                                                                                   
                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                            Pt. 3\                                                                   Pt. 3\                                                                                                                             
                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                            Nine hole test: unable.\                                                 Nine hole test: unable.\                                                                                                           
                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                            ADL: max. assistance.\                                                   ADL: dependent.\                                                                                                                   
                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                            Homemaking: dependent.\                                                  Homemaking: dependent. Ambulation: dependent.\                                                                                     
                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                            Ambulation: moderate assistance.\                                        Transfers: dependent.\                                                                                                             
                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                            Transfers: moderate assistance.\                                         Bowel/bladder: incontinent.\                                                                                                       
                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                            Bowel/bladder: incontinent.\                                             Safety: dependent.\                                                                                                                
                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                            Safety: dependent.\                                                      Behaviour: lethargic.\                                                                                                             
                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                            Behaviour: restless, constant hitting with right arm.\                   Speech: dependent (incapable).\                                                                                                    
                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                            Speech: profound to severe impairment.\                                  Comprehension: dependent.\                                                                                                         
                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                            Comprehension: profound to severe impairment.\                           Reading, math and writing: dependent.                                                                                              
                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                            Reading, math and writing: profound to severe impairment.                                                                                                                                                   

  Ponfick *et al* [@R56]\           To report five cases with meningoen-cephaloradiculomyelitis.\                              IC: diagnosis of tick-borne encephalitis.\                                                                                                                                                                    n=5.\                        Tick-borne encephalitis.                                                                 FIM score at admission and discharge.                                                                                                                      N/R                                                                                                           T0 (BS)\                                                                 T1 (100--396 days)\                                                                                                                Antibiotics, antivirals, acyclovir and intravenous immunoglobulin.
  (2012)\                           IT: cognitive therapy.\                                                                    EC: N/R.                                                                                                                                                                                                      Attrition: 0%.\                                                                                                                                                                                                                                                                                                                                                                                FIM scores:\                                                             FIM scores:\                                                                                                                       
  In/pt. rehab centre\              Level: IV.                                                                                                                                                                                                                                                                                               Age: 31--77 years.\                                                                                                                                                                                                                                                                                                                                                                            Pt 1: 18.\                                                               Pt 1: 25.\                                                                                                                         
  Germany                                                                                                                                                                                                                                                                                                                                    Sex: M.\                                                                                                                                                                                                                                                                                                                                                                                       Pt 2: 18.\                                                               Pt 2: 20.\                                                                                                                         
                                                                                                                                                                                                                                                                                                                                             TSI: N/R.                                                                                                                                                                                                                                                                                                                                                                                      Pt 3: 18.\                                                               Pt 3: 108.\                                                                                                                        
                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                            Pt 4: 18.\                                                               Pt 4: 18.\                                                                                                                         
                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                            Pt 5: 31.                                                                Pt 5: 38.                                                                                                                          

  Case studies                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                          

  Andrewes[@R57]\                   To show potential techniques for functional learning problems w/in workplace.\             IC/EC: N/R.                                                                                                                                                                                                   n=1.\                        HSV.                                                                                     WAIS--Revised, AVLT.                                                                                                                                       N/R                                                                                                           T0 (BS)\                                                                 T1--T2 (5 and 24 months)\                                                                                                          Acyclovir, penicillin and phenytoin.
  (1999)\                           IT: cognitive therapy.\                                                                                                                                                                                                                                                                                  Attrition: 0%.\                                                                                                                                                                                                                                                                                                                                                                                WAIS\                                                                    WAIS\                                                                                                                              
  In/pt. rehab centre\              Level: V.                                                                                                                                                                                                                                                                                                Age: 25 years.\                                                                                                                                                                                                                                                                                                                                                                                Verbal IQ: 130.\                                                         Verbal IQ: 122.\                                                                                                                   
  Australia                                                                                                                                                                                                                                                                                                                                  Sex: F.\                                                                                                                                                                                                                                                                                                                                                                                       Performance IQ: 124.\                                                    Performance IQ: 110.\                                                                                                              
                                                                                                                                                                                                                                                                                                                                             TSI: 3 years.                                                                                                                                                                                                                                                                                                                                                                                  AVLT scores:\                                                            AVLT scores:\                                                                                                                      
                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                            Trial 1: 7/+3.\                                                          Trial 1: 7/+2.\                                                                                                                    
                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                            Trial 2: 7/+1.\                                                          Trial 2: 7/+1.\                                                                                                                    
                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                            Trial 3: 6.\                                                             Trial 3: 7.\                                                                                                                       
                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                            Trial 4: 8.\                                                             Trial 4: 9.\                                                                                                                       
                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                            Trial 5: 9.\                                                             Trial 5: 9/+1.\                                                                                                                    
                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                            INT: 7/+1.\                                                              INT: 7/+2.\                                                                                                                        
                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                            Del Rec: 1/+2.\                                                          Del Rec: 1/+2.\                                                                                                                    
                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                            RECOG: 10/+5.                                                            RECOG: 9/+3.                                                                                                                       

  Barikroo and Lam[@R58]\           To describe clinical and tx. observations of swallowing therapy technique.\                IC/EC: N/R.                                                                                                                                                                                                   n=1.\                        N/R.                                                                                     Performance of 3 oz water swallow test.\                                                                                                                   N/R                                                                                                           T0 (BS)\                                                                 T1--T2 (3--6 months)\                                                                                                              N/R
  (2010)\                           IT: physical therapy.\                                                                                                                                                                                                                                                                                   Attrition: 0%.\                                                                                                       Improvement of two or more points on FOIS.\                                                                                                                                                                                                                              Had problems with accomplishing 24/28 outcomes on water swallow test.\   Had successfully completed 28/28 outcomes on water swallow test.\                                                                  
  Out/pt. rehab centre\             Level: V.                                                                                                                                                                                                                                                                                                Age: 48 years.\                                                                                                       Increased quality of life as measured by\                                                                                                                                                                                                                                At level 5 on FOIS.\                                                     At level 7 on FOIS.\                                                                                                               
  Iran                                                                                                                                                                                                                                                                                                                                       Sex: M.\                                                                                                              SWAL-QOL.\                                                                                                                                                                                                                                                               SWAL-QOL scores:\                                                        SWAL-QOL scores:\                                                                                                                  
                                                                                                                                                                                                                                                                                                                                             TSI: 6 months.                                                                                                        Absence of significant of expectoration or clinical indicators of aspiration.                                                                                                                                                                                            Food selection: 2.\                                                      Food selection: 7.\                                                                                                                
                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                            Burden: 2.\                                                              Burden: 8.\                                                                                                                        
                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                            Mental health: 7.\                                                       Mental health: 29.\                                                                                                                
                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                            Social functioning: 12.\                                                 Social functioning: 21.\                                                                                                           
                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                            Fear: 4.\                                                                Fear: 17.\                                                                                                                         
                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                            Eating duration: 3.\                                                     Eating duration: 7.\                                                                                                               
                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                            Eating desire: 4.\                                                       Eating desire: 12.\                                                                                                                
                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                            Communication: 2.\                                                       Communication: 8.\                                                                                                                 
                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                            Sleep fatigue: 15.\                                                      Sleep fatigue: 19.\                                                                                                                
                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                            Symptom frequency: 17.\                                                  Symptom frequency: 59.\                                                                                                            
                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                            Avg. SWAL-QOL: 6.8.\                                                     Avg. SWAL-QOL: 18.7.\                                                                                                              
                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                            Had history of aspiration pneumonia at baseline X-ray.                   Could perform 3 oz water swallow test without any penetration or aspiration before, during or after swallowing.                    

  Brett *et al* [@R59]\             To report the effects of late community-based rehab.\                                      IC/EC: N/R.                                                                                                                                                                                                   n=1.\                        HSV.                                                                                     \# of times incontinent per week.\                                                                                                                         P value test.                                                                                                 T0 (BS)\                                                                 T1 (6 years)\                                                                                                                      Acyclo-\
  (1995)\                           IT: behavioural therapy.\                                                                                                                                                                                                                                                                                Attrition: 0%.\                                                                                                       Rappaport disability rating scale.                                                                                                                                                                                                                                       16.4 episodes of incontinence per week.\                                 5.6 episodes of incontinence per week.\                                                                                            guanosine
  Comm. rehab centre\               Level: V.                                                                                                                                                                                                                                                                                                Age: 22 years.\                                                                                                                                                                                                                                                                                                                                                                                Rappaport score: 13.                                                     Rappaport score after behavioural unit: 9.\                                                                                        
  UK                                                                                                                                                                                                                                                                                                                                         Sex: M.\                                                                                                                                                                                                                                                                                                                                                                                                                                                                Postintervention Rappaport score: 4.                                                                                               
                                                                                                                                                                                                                                                                                                                                             TSI: 7 years.                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                              

  Katzmann and Mix[@R60]\           To describe tx. of patient w using behaviour modification techniques.\                     IC/EC: N/R.                                                                                                                                                                                                   n=1.\                        Viral encephalitis.                                                                      \% of cues and assistance for activities of self-care routine.                                                                                             N/R                                                                                                           T0 (BS)\                                                                 T1 (12 weeks)\                                                                                                                     Anticonvulsant, antibiotics and antipsychotic medications.
  (1994)\                           IT: physical therapy.\                                                                                                                                                                                                                                                                                   Attrition: 0%.\                                                                                                                                                                                                                                                                                                                                                                                Verbal cues: 30%.\                                                       Verbal cues: 5%.\                                                                                                                  
  Comm. rehab centre\               Level: V.                                                                                                                                                                                                                                                                                                Age: 34 years.\                                                                                                                                                                                                                                                                                                                                                                                Physical assistance: 20%.                                                Physical assistance: 0%.                                                                                                           
  USA                                                                                                                                                                                                                                                                                                                                        Sex: F.\                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                   
                                                                                                                                                                                                                                                                                                                                             TSI: 4 months.                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                             

  Yamamoto *et al* [@R61]\          To describe problems in daily living of patient.\                                          IC/EC: N/R.                                                                                                                                                                                                   n=1.\                        Limbic encephalitis.                                                                     TMT, PASAT, Miyake VRT, Benton VRT, KWCST, Rey's figure test.                                                                                              N/R                                                                                                           T0 (BS)\                                                                 T1--T4 (14--26 months)\                                                                                                            N/R
  (2000)\                           IT: cognitive therapy.\                                                                                                                                                                                                                                                                                  Attrition: 0%.\                                                                                                                                                                                                                                                                                                                                                                                TMT: 2:38 min\                                                           TMT: 2 min (discharge).\                                                                                                           
  Out/pt. rehab centre\             Level: V.                                                                                                                                                                                                                                                                                                Age: 46 years.\                                                                                                                                                                                                                                                                                                                                                                                PASAT\                                                                   TMT: 1:31 min (1 year postdischarge).\                                                                                             
  Japan                                                                                                                                                                                                                                                                                                                                      Sex: M.\                                                                                                                                                                                                                                                                                                                                                                                       1 s interval: (13/60).\                                                  PASAT 1 s: 18/60 (3-month postdischarge), 21/60 (9-month postdischarge).\                                                          
                                                                                                                                                                                                                                                                                                                                             TSI: 3 months.                                                                                                                                                                                                                                                                                                                                                                                 2 s interval: (7/60).\                                                   PASAT 2 s: 21/60 (discharge), 22/60 (1-year postdischarge).\                                                                       
                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                            Miyake VRT related pairs: 4-2-5.\                                        Miyake VRT related:\                                                                                                               
                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                            Miyake VRT unrelated pairs: 0-0-0.\                                      7-6-7 (discharge), 8/9/8 (3-month postdischarge), 9-8-8 (9-month postdischarge), 9-9-9 (1-year postdischarge).\                    
                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                            Benton VRT immediate recall: 3/11.\                                      Miyake VRT unrelated: 0-0-0 (discharge and 3-month postdischarge), 1-3-4 (9-month postdischarge), 4-6-6 (1-year postdischarge).\   
                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                            Benton VRT delayed recall: 4/18.\                                        Benton VRT immediate: 3/16 (3-month postdischarge), 5/7 (9-month postdischarge), 4/16 (1-year postdischarge).\                     
                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                            KWCST: completed 3.\                                                     Benton VRT delayed: 5/10 (3-month postdischarge), 5/10 (9-month postdischarge), 5/12 (1-year postdischarge).\                      
                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                            Rey's figure test: N/R.                                                  KWCST: completed 5 (discharge and 3-month postdischarge).\                                                                         
                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                     Rey's figure test copying: 35/36 (discharge), 36/36 (9-month postdischarge).\                                                      
                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                     Rey's figure test immediate recall: 4/35 (discharge), 12/36 (9-month postdischarge).                                               

  Miotto and Correo Miotto[@R62]\   Describes assessment and cognitive rehab of pt.\                                           IC/EC: N/R.                                                                                                                                                                                                   n=1.\                        Viral meningo-encephalitis.                                                              Mean number of daily episodes of failure to retrieve people/object names.                                                                                  N/R                                                                                                           T0 (BS)\                                                                 T1 (5 weeks)\                                                                                                                      N/R
  (2002)\                           IT: cognitive therapy.\                                                                                                                                                                                                                                                                                  Attrition: 0%.\                                                                                                                                                                                                                                                                                                                                                                                People's name: 8.\                                                       People's name: 1.\                                                                                                                 
  Out/pt. rehab centre\             Level: V.                                                                                                                                                                                                                                                                                                Age: 66 years.\                                                                                                                                                                                                                                                                                                                                                                                Objects' name: 6.                                                        Objects' name: 2.                                                                                                                  
  Brazil                                                                                                                                                                                                                                                                                                                                     Sex: F.\                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                   
                                                                                                                                                                                                                                                                                                                                             TSI: 14 months.                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                            

  Schinke and Olson[@R63]\          To design, implement and evaluate home-based remediation for pt.\                          IC/EC: N/R.                                                                                                                                                                                                   n=1.\                        Subacute sclerosing panencephalitis.                                                     \# of correct responses in math.\                                                                                                                          N/R                                                                                                           T0 (BS)\                                                                 T1 (N/R)\                                                                                                                          N/R
  (1982)\                           IT: behavioural therapy.\                                                                                                                                                                                                                                                                                Attrition: 0%.\                                                                                                       \# of words correctly identified in German.\                                                                                                                                                                                                                             Math: 30.\                                                               Math: 65.\                                                                                                                         
  Comm. rehab centre\               Level: V.                                                                                                                                                                                                                                                                                                Age: 26 years.\                                                                                                       \# of minutes for self-care.                                                                                                                                                                                                                                             German: 5.\                                                              German: 35.\                                                                                                                       
  USA                                                                                                                                                                                                                                                                                                                                        Sex: F.\                                                                                                                                                                                                                                                                                                                                                                                       Self-care: 90 min.                                                       Self-care: 25 min.                                                                                                                 
                                                                                                                                                                                                                                                                                                                                             TSI: 3 years.                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                              

  Berry *et al* [@R64]\             Describes the use of SenseCam by patient w severe memory impairment.\                      IC/EC: N/R.                                                                                                                                                                                                   n=1.\                        Limbic encephalitis.                                                                     \% of autobiographical events recalled using SenseCam.\                                                                                                    χ^2^ analysis                                                                                                 T0 (BS)\                                                                 T1--T3 (1--3 months)\                                                                                                              N/R
  (2007)\                           IT: cognitive therapy.\                                                                                                                                                                                                                                                                                  Attrition: 0%.\                                                                                                       % of recalled events recorded by written diary.                                                                                                                                                                                                                          Recalled an average of 2% of significant events after 7 days.            % of autobiographical events recalled using SenseCam:\                                                                             
  Out/pt. rehab centre\             Level: V.                                                                                                                                                                                                                                                                                                Age: 63 years.\                                                                                                                                                                                                                                                                                                                                                                                                                                                         X^2^(1)=62.59, p\<0.001.\                                                                                                          
  UK                                                                                                                                                                                                                                                                                                                                         Sex: F.\                                                                                                                                                                                                                                                                                                                                                                                                                                                                Recalled written diary viewings:\                                                                                                  
                                                                                                                                                                                                                                                                                                                                             TSI: 1--2 years.                                                                                                                                                                                                                                                                                                                                                                                                                                                        X^2^(1)=0.29, p\>0.6.                                                                                                              

  Parkin *et al* [@R65]\            Examined errorless learning for restoring memory.\                                         IC/EC: N/R.                                                                                                                                                                                                   n=1.\                        HSV.                                                                                     Proportion of identified politician names.\                                                                                                                Page's L Statistic with session as the fixed factor and individual item scores as source of error variance.   T0 (BS)\                                                                 T1 (5 months)\                                                                                                                     Acyclovir
  (1998)\                           IT: cognitive therapy.\                                                                                                                                                                                                                                                                                  Attrition: 0%.\                                                                                                       \# of correctly identified trained and known faces.                                                                                                                                                                                                                      \# of identified politician names: 0.\                                   \# of identified politician names: 0.75.\                                                                                          
  Out/pt. rehab centre\             Level: V.                                                                                                                                                                                                                                                                                                Age: 63 years.\                                                                                                                                                                                                                                                                                                                                                                                \# of trained faces: 0.8.\                                               \# of trained faces: 1.\                                                                                                           
  UK                                                                                                                                                                                                                                                                                                                                         Sex: M.\                                                                                                                                                                                                                                                                                                                                                                                       \# of known faces: 0.                                                    \# of known faces: 0.8.                                                                                                            
                                                                                                                                                                                                                                                                                                                                             TSI: 3--5 months                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                           

  McMillan *et al* [@R66]\          Described management of aggressive and hypersexual behaviour.\                             IC/EC: N/R.                                                                                                                                                                                                   n=1.\                        HSV.                                                                                     \# of violent behaviour and sexual disinhibition activities.\                                                                                              N/R                                                                                                           T0 (BS)\                                                                 T1--T2 (10--32 weeks)\                                                                                                             Intravenous acyclovir, warfarin, temazepam, carbamazepine, sulpride, lithium carbonate and intramuscular chlorpromazine.
  (1990)\                           IT: behavioural therapy.\                                                                                                                                                                                                                                                                                Attrition: 0%.\                                                                                                       Frequency of prompts for washing/dressing.                                                                                                                                                                                                                               \# of violent behaviour incidents: 20.\                                  \# of violent behaviour incidents: 0.\                                                                                             
  In/pt. rehab centre\              Level: V.                                                                                                                                                                                                                                                                                                Age: 38 years.\                                                                                                                                                                                                                                                                                                                                                                                \# of sexual disinhibition activities: 9.\                               \# of sexual disinhibition activities: \<1.\                                                                                       
  UK                                                                                                                                                                                                                                                                                                                                         Sex: F.\                                                                                                                                                                                                                                                                                                                                                                                       Prompts of washing and dressing: 75%.                                    Prompts of washing and dressing:\                                                                                                  
                                                                                                                                                                                                                                                                                                                                             TSI: 1 month.                                                                                                                                                                                                                                                                                                                                                                                                                                                           63% (weeks 16--20)\                                                                                                                
                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                     4% (weeks 29--32)                                                                                                                  

  Dewar and Gracey[@R67]\           To describe therapeutic intervention to address anxiety and changes in identity for pt.\   IC/EC: N/R.                                                                                                                                                                                                   n=1.\                        HSV.                                                                                     BDI, BAI                                                                                                                                                   N/R                                                                                                           T0 (BS)\                                                                 T1--T2 (30 weeks)\                                                                                                                 Acyclovir
  (2007)\                           IT: cognitive therapy.\                                                                                                                                                                                                                                                                                  Attrition: 0%.\                                                                                                                                                                                                                                                                                                                                                                                BDI: 22.\                                                                BDI: 33.\                                                                                                                          
  N/R\                              Level: V.                                                                                                                                                                                                                                                                                                Age: 43 years.\                                                                                                                                                                                                                                                                                                                                                                                BAI: 39.                                                                 BAI: 33.                                                                                                                           
  UK                                                                                                                                                                                                                                                                                                                                         Sex: F.\                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                   
                                                                                                                                                                                                                                                                                                                                             TSI: 1 month.                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                              

  Dewar and Wilson[@R68]\           To describe cognitive rehab programme to improve patient cognitive function.\              IC/EC: N/R.                                                                                                                                                                                                   n=1.\                        Encephalitis lethargica.                                                                 WAIS 3, WMS 3                                                                                                                                              N/R                                                                                                           T0 (BS)\                                                                 T1 (8 weeks)\                                                                                                                      Unspecified steroids
  (2005)\                           IT: cognitive therapy.\                                                                                                                                                                                                                                                                                  Attrition: 0%.\                                                                                                                                                                                                                                                                                                                                                                                WAIS 3\                                                                  WAIS 3\                                                                                                                            
  Out/pt.\                          Level: V.                                                                                                                                                                                                                                                                                                Age: 24 years.\                                                                                                                                                                                                                                                                                                                                                                                Digit span: 8.\                                                          Digit span: 12.\                                                                                                                   
  rehab centre\                                                                                                                                                                                                                                                                                                                              Sex: F.\                                                                                                                                                                                                                                                                                                                                                                                       Similarities: 5.\                                                        Similarities: 10.\                                                                                                                 
  UK                                                                                                                                                                                                                                                                                                                                         TSI: N/R.                                                                                                                                                                                                                                                                                                                                                                                      Picture completion: 5.\                                                  Picture completion: 13.\                                                                                                           
                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                            Block design: 5.\                                                        Block design: 9.\                                                                                                                  
                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                            Matrix reasoning: 5.\                                                    Matrix reasoning: 10.\                                                                                                             
                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                            Digit symbol: 8.\                                                        Digit symbol: 11.\                                                                                                                 
                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                            GNT: 10%.\                                                               GNT: 25--50.\                                                                                                                      
                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                            Object decision: 10 (\<5%).\                                             Object decision: 19 (\>5%).\                                                                                                       
                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                            RCFT delayed: \<1st.\                                                    RCFT delayed: 4th.\                                                                                                                
                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                            WMS 3\                                                                   WMS 3\                                                                                                                             
                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                            Word list total: 7.\                                                     Word list total: 14.\                                                                                                              
                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                            Word list del recall: 9.\                                                Word list del recall: 9.\                                                                                                          
                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                            Word list del recog: 6.\                                                 Word list del recog: 12.\                                                                                                          
                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                            PAL immediate: 5.\                                                       PAL immediate: 7.\                                                                                                                 
                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                            PAL delayed: 3.\                                                         PAL delayed: 8.\                                                                                                                   
                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                            Faces immediate: 3.\                                                     Faces immediate: 15.\                                                                                                              
                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                            Faces delayed: 8.\                                                       Faces delayed: 17.\                                                                                                                
                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                            MCST: 4.\                                                                MCST: 3.\                                                                                                                          
                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                            DKEFS inhibition: 10.\                                                   DKEFS inhibition: 12.\                                                                                                             
                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                            DKEFS inhib/switch err: 1.\                                              DKEFS inhib/switch err: 8.\                                                                                                        
                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                            Phonemic fluency: 13.\                                                   Phonemic fluency: 19.\                                                                                                             
                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                            Category fluency: 14.                                                    Category fluency: 15.                                                                                                              

  Giles and Morgan[@R69]\           To present programme for personal hygiene behaviour.\                                      IC/EC: N/R.                                                                                                                                                                                                   n=1.\                        HSV.                                                                                     WAIS, Memory functions, WLMT, Rey-Osterrieth figure.\                                                                                                      N/R                                                                                                           T0 (BS)\                                                                 T1--T2 (2--16 weeks and3 months)\                                                                                                  N/R
  (1989)\                           IT: behavioural therapy.\                                                                                                                                                                                                                                                                                Attrition: 0%.\                                                                                                       \# of washing activities completed with verbal mediation.                                                                                                                                                                                                                Intelligence WAIS\                                                       Intelligence WAIS\                                                                                                                 
  Out/pt. rehab centre\             Level: V.                                                                                                                                                                                                                                                                                                Age: 29 years.\                                                                                                                                                                                                                                                                                                                                                                                VIQ: 81.\                                                                VIQ: 89.\                                                                                                                          
  UK                                                                                                                                                                                                                                                                                                                                         Sex: M.\                                                                                                                                                                                                                                                                                                                                                                                       PIQ: 90.\                                                                PIQ: 101.\                                                                                                                         
                                                                                                                                                                                                                                                                                                                                             TSI: 6 years.                                                                                                                                                                                                                                                                                                                                                                                  FSIQ: 84.\                                                               FSIQ: 94.\                                                                                                                         
                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                            Memory functions:\                                                       Memory functions:\                                                                                                                 
                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                            digit span forward: 5.\                                                  digit span forward: 5.\                                                                                                            
                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                            Digit span backward: 4.\                                                 Digit span backward: 4.\                                                                                                           
                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                            WLMT scores\                                                             WLMT scores\                                                                                                                       
                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                            Immediate: 3.\                                                           Immediate: 6.\                                                                                                                     
                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                            Delayed: 0.\                                                             Delayed: 0.\                                                                                                                       
                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                            Rey-Osterrieth figure\                                                   Rey-Osterrieth figure\                                                                                                             
                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                            Copy: 33.\                                                               Copy: 36.\                                                                                                                         
                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                            Recall: 0.\                                                              Recall: 0.\                                                                                                                        
                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                            \# of washing activities completed at week 1: 1.                         \# of washing activities at week 14: 5.\                                                                                           
                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                     \# of washing activities at 3-month follow-up: 5.                                                                                  

  Miotto and Correa Miotto[@R70]\   Describes memory rehab of pt. w amnesia.\                                                  IC/EC: N/R.                                                                                                                                                                                                   n=1.\                        HSV.                                                                                     WASI, FSIQ, WMS-III, RBMT, WRMT, HVLT, BNT, VOSPB.                                                                                                         Wilcoxon matched pairs test                                                                                   T0 (BS)\                                                                 T1 (7 months)\                                                                                                                     Acyclovir
  (2007)\                           IT: cognitive therapy.\                                                                                                                                                                                                                                                                                  Attrition: 0%.\                                                                                                                                                                                                                                                                                                                                                                                WASI FSIQ: 118.\                                                         WASI FSIQ: 118.\                                                                                                                   
  In/pt. rehab centre\              Level: V.                                                                                                                                                                                                                                                                                                Age: 44 years.\                                                                                                                                                                                                                                                                                                                                                                                WMS-III digit span: 12.\                                                 WMS-III digit span: 12.\                                                                                                           
  Brazil                                                                                                                                                                                                                                                                                                                                     Sex: M.\                                                                                                                                                                                                                                                                                                                                                                                       WMS-III spatial span: 12.\                                               WMS-III spatial span: 12.\                                                                                                         
                                                                                                                                                                                                                                                                                                                                             TSI: 1 year.                                                                                                                                                                                                                                                                                                                                                                                   RBMT: 2.\                                                                RBMT: 6.\                                                                                                                          
                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                            WRMT forced choice words: 5%.\                                           WRMT forced choice words: 5%.\                                                                                                     
                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                            WRMT forced choice faces: 1%.\                                           WRMT forced choice faces: 5%.\                                                                                                     
                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                            HVLT total recall: 1%.\                                                  HVLT total recall: 7%.\                                                                                                            
                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                            HVLT delayed recall: 1%.\                                                HVLT delayed recall: 1%.\                                                                                                          
                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                            HVLT personal semantic: 46/63.\                                          HVLT personal semantic: 46/63.\                                                                                                    
                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                            HVLT autobiographical incidents: 12/27.\                                 HVLT autobiographical incidents: 13/27.\                                                                                           
                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                            BNT: 50%.\                                                               BNT: 50%.\                                                                                                                         
                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                            VOSPB silhouette: 19/20.\                                                VOSPB silhouette: 19/20.\                                                                                                          
                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                            VOSPB dot centre: 20/20.\                                                VOSPB dot centre: 20/20.\                                                                                                          
                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                            VOSPB cognitive estimates: 30%.\                                         VOSPB cognitive estimates: 37%.\                                                                                                   
                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                            VOSPB fluency FAS: 37%.\                                                 VOSPB fluency FAS: 37%.\                                                                                                           
                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                            VOSPB WCST categories: 75%.\                                             VOSPB WCST Categories: 75%.\                                                                                                       
                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                            VOSPB HADS: D: 14/A: 11.                                                 VOSPB HADS: D: 10/A: 6.                                                                                                            
  --------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

ADL, activities of daily living; AFIM, admission FIM; AVLT, Auditory Verbal Learning Test; BAI, Beck Anxiety Inventory; BDI, Beck Depression Inventory; BNT, Boston Naming Test; BS, Baseline Score; CCT, Clock Completion Test; Del Rec, Delay Recall; DFIM, discharge FIM; DKEF, Delis-Kaplan Executive Function System; Dz., diagnosis; FIM: Functional Independence Measure; FOIS: Functional Oral Intake Scale; FSIQ, Full Scale Intelligence Quotient; GNT, Graded Naming Test; HSV, herpes simplex virus; HVLT, Hopkins Verbal Learning Test; IT, intervention; In/pt, inpatient; KWCST, Keio version of the Wisconsin Card Sorting Test; LOS, length of stay; MCST, Modified Card Sorting Test; MEAMS, Middlesex Elderly Assessment of Mental State; min: minimum; MMSE, Mini-Mental State Examination; NMDA, n-methyl-D-aspartate; N/R, not reported; Out/pt, outpatient; PAL, Paired Associate Learning; PASAT, Paced Auditory Serial Addition Test; pt, patient; RBMT, Rivermead Behavioural Memory Test; RCFT, Rey Complex Figure Test; RECOG, recognition; rehab, rehabilitation; SWAL-QOL, Swallow Quality of Life; TMT, Trial Making Test; Tx, treatment/therapy; VOSPB, Visual Object Space Perception Battery; VIQ, Verbal Intelligence Quotient; VRT, verbal reasoning test; WAIS, Wechsler Adult Intelligence Scale; WeeFIM, Functional Independence Measure for children; WIQ, WLMT, Wechsler Logical Memory Test; WMS: Wechsler Memory Scale; WRMT, Warrington Recognition Memory Test; w, with.

Data analysis {#s2f}
-------------

The quality of the included studies was assessed using the Downs and Black rating scale as shown in [table 2](#T2){ref-type="table"}.[@R49] This tool was previously used in studies focusing on rehabilitation interventions in patients with acquired brain injury.[@R50] This tool consists of 27 questions grouped into five subscales allowing assessment of the: (1) overall quality of the study, (2) external validity, (3) study bias, (4) confounding and selection bias and (5) power analysis. Most of the scores range from 0 to 1, except for one item on the reporting confounders subscale that ranges from 0 to 2, and for one item at the power of the study subscale that ranges 0--5. The maximum score is 31, where a higher score indicates better methodological quality.

###### 

Downs and Black quality assessment of studies

  ----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
                                                                                                                                                                                                  Moorthi[@R21]   Emslie[@R54]   Berner[@R55]   Tailor[@R52]   Rao[@R53]   Ponfick[@R56]   Andrewes[@R57]   Barikroo[@R58]   Brett[@R59]   Katzmann[@R60]   Yamamoto[@R61]   Miotto[@R62]   Schinke[@R63]   Berry[@R64]   Parkin[@R65]   McMillan[@R66]   Dewar[@R67]   Dewar[@R68]   Giles[@R69]   Miotto[@R70]
  ----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------- --------------- -------------- -------------- -------------- ----------- --------------- ---------------- ---------------- ------------- ---------------- ---------------- -------------- --------------- ------------- -------------- ---------------- ------------- ------------- ------------- --------------
  Is the hypothesis/\                                                                                                                                                                             1               1              1              1              1           0               0                1                1             1                1                1              1               1             1              1                1             1             1             1
  aims/objectives clearly described?                                                                                                                                                                                                                                                                                                                                                                                                                                                                

  Are the main outcomes to be measured clearly described in the Introduction or Methods?                                                                                                          1               1              1              1              1           1               1                1                1             0                1                1              1               1             1              0                1             1             1             1

  Are the characteristics of the patients included in the study clearly described?                                                                                                                1               1              1              1              1           1               1                1                1             1                1                1              1               1             1              1                1             1             1             1

  Are the interventions of interest clearly described?                                                                                                                                            0               1              1              1              1           1               1                1                1             1                1                1              1               1             1              1                1             1             1             1

  Are the distributions of principal confounders in each group of subjects clearly described?                                                                                                     1               1              1              1              1           0               1                1                0             0                0                1              1               1             0              0                1             1             0             0

  Are the main findings of the study clearly described?                                                                                                                                           1               1              1              1              1           1               0                1                0             1                1                1              1               1             1              1                1             0             1             1

  Does the study provide estimates of the random variability in the data for the main outcomes?                                                                                                   0               1              0              0              1           0               0                0                0             1                1                0              1               1             1              1                1             1             1             0

  Have all important adverse events that may be a consequence of the intervention been reported?                                                                                                  0               1              0              0              0           0               0                0                0             0                0                0              0               0             0              0                1             1             0             0

  Have the characteristics of patients lost to follow-up been described?                                                                                                                          0               0              0              0              0           0               0                0                0             0                0                0              0               0             0              0                0             0             0             0

  Have actual probability values been reported (eg, 0.035 rather than \<0.05) for the main outcomes except where the probability value is less than 0.001?                                        0               0              0              0              0           0               0                0                1             0                0                0              0               0             0              0                0             0             0             0

  Were the subjects asked to participate in the study representative of the entire population from which they were recruited?                                                                     1               1              1              1              1           1               0                0                0             0                0                1              0               0             1              1                0             0             0             0

  Were those subjects who were prepared to participate representative of the entire population from which they were recruited?                                                                    1               1              1              1              1           1               1                1                1             0                0                1              1               1             1              1                1             1             1             1

  Were the staff, places and facilities where the patients were treated, representative of the treatment the majority of patients receive?                                                        1               1              1              1              1           1               1                1                0             0                0                1              0               1             0              1                1             1             1             1

  Was an attempt made to blind study subjects to the intervention they have received?                                                                                                             0               0              0              0              0           0               0                0                0             0                0                0              0               0             0              0                0             0             0             0

  Was an attempt made to blind those measuring the main outcomes of the intervention?                                                                                                             0               0              0              0              0           0               0                0                0             0                0                0              0               0             0              0                0             0             0             0

  If any of the results of the study were based on 'data dredging', was this made clear?                                                                                                          1               1              1              1              1           1               0                0                0             1                1                1              1               1             1              1                1             1             1             0

  In trials and cohort studies, do the analyses adjust for different lengths of follow-up of patients, is the time period between the intervention and outcome the same for cases and controls?   0               0              0              0              0           0               0                0                0             0                0                0              0               0             0              0                0             0             0             0

  Were the statistical tests used to assess the main outcomes appropriate?                                                                                                                        1               1              0              0              0           1               1                1                1             0                0                0              0               0             0              0                0             0             0             1

  Was compliance with the intervention/s reliable?                                                                                                                                                1               0              1              1              1           1               1                1                0             1                1                1              0               1             1              \*1              1             1             1             1

  Were the main outcome measures used accurate (valid and reliable)?                                                                                                                              1               1              1              1              1           1               1                1                0             0                1                1              1               1             1              0                1             1             1             1

  Were the patients in different intervention groups (trials and cohort studies) or were the cases and controls (case--control studies) recruited from the same population?                       0               \*1            0              0              0           0               0                0                0             0                0                0              0               0             0              0                0             0             0             0

  Were study subjects in different intervention groups (trials and cohort studies) or were the cases and controls (case--control studies) recruited over the same period of time?                 0               \*1            0              0              0           0               0                0                0             0                0                0              0               0             0              0                0             0             0             0

  Were study subjects randomised to intervention groups?                                                                                                                                          0               \*1            0              0              0           0               0                0                0             0                0                0              0               0             0              0                0             0             0             0

  Was the randomised intervention assignment concealed from both patients and healthcare staff until recruitment was complete and irrevocable?                                                    0               0              0              0              0           0               0                0                0             0                0                0              0               0             0              0                0             0             0             0

  Was there adequate adjustment for confounding in the analyses from which the main findings were drawn?                                                                                          0               0              0              0              0           0               0                0                0             0                0                0              0               0             0              0                0             0             0             0

  Were losses of patients to follow-up taken into account?                                                                                                                                        0               0              0              0              0           0               0                0                0             0                0                0              0               0             0              0                0             0             0             0

  Did the study have sufficient power to detect a clinically important effect where the probability value for a difference being due to chance is less than 5%?                                   0               0              0              0              0           0               0                0                0             0                0                0              0               0             0              0                0             0             0             0

  Total                                                                                                                                                                                           12              14             12             12             13          11              9                11               7             7                9                12             10              12            11             9                13            12            11            10
  ----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Data synthesis {#s2g}
--------------

A best-evidence synthesis approach that integrated findings from studies with sufficient quality through a tabulation and qualitative description process was used in data synthesis.[@R41] This approach took into consideration that if included studies are not high in internal and external validity, then a careful analysis of the less well-designed studies has to be performed, in order to understand if there was enough information to come to a clinically meaningful conclusion.

Results {#s3}
=======

Literature search and quality assessment {#s3a}
----------------------------------------

A total of 12 737 reference titles were identified from a database search (MEDLINE: n=2904, Embase: n=9055, CINAHL: n=77, PsychINFO: n=551, Central: n=150), and 10 studies were identified through Grey Matters and Google. After duplicates were removed, 9477 titles an abstracts were reviewed for potential inclusion. After the first title and abstract screen, 47 studies were identified as eligible and ultimately 20 studies were included after a second full-text screen was conducted as shown in [figure 1](#F1){ref-type="fig"}.[@R21] The included studies featured 14 case reports,[@R52] three case series,[@R56] one randomised crossover study[@R54] and two cohort studies.[@R21] All the identified studies had sample sizes less than 25.[@R21] Based on the Downs and Black rating scale, all 20 studies received a score of less than 15 out of the possible 31 points ([table 2](#T2){ref-type="table"}).[@R21]

Study characteristics {#s3b}
---------------------

### Studies including paediatric populations (aged ≤19 years) {#s3b1}

Three studies (five participants in total) in this review focused specifically on paediatric participants, one being a cohort design[@R21] and the other two as case series.[@R52] Baseline assessment varied across the three studies with one study using two neuropsychological test items (the Children's Orientation and Amnesia Test and the McCarthy scale of children's abilities) to assess the cognitive status of the patient.[@R21] The other two studies did not specify a standardised tool that measured the severity of encephalitis' sequelae at baseline.[@R52]

Rehabilitation outcomes of these paediatric patients were reported using functional measures.[@R21] As none of the studies included had a follow-up assessment after discharge from rehabilitation, the long-term improvements from the rehabilitation intervention were not assessed.

### Studies including adult population (\>19 years old) {#s3b2}

Of the 20 studies (37 participants in total), 19 included adult patients.[@R21] Two studies had a cohort design,[@R21] one had a randomised crossover design,[@R54] while the remainder were either case series[@R53] or single case reports.[@R57] There was a variety of agents that produced encephalitis, with the majority of studies looking at the effectiveness on interventions targeting sequelae of HSV encephalitis in 15 out of 37 adults.

A range of neuropsychological assessments has been used to measure the severity of functional impairment at the baseline assessment, including level of cognitive ability or severity of amnesia due to encephalitis and the follow-up assessment.[@R21] Ten studies did not provide information on the assessment tool used to evaluate the severity of deficits experienced by the patient at the baseline.[@R54]

Rehabilitation outcomes were reported using functional measures,[@R21] neuropsychological-based measures,[@R55] behaviour-based measures,[@R54] a combination of both functional and neuropsychological test scores (ie, specific to applied intervention),[@R53] a combination of measures specific to the intervention and neuropsychological measures,[@R66] a combination of all three measures of rehabilitation outcomes (ie, neurological test scores, behaviour based measures and functional measures)[@R62] and measures only specific to the intervention.[@R63]

Intervention outcome by age, sex, intervention type and baseline status {#s3c}
-----------------------------------------------------------------------

### Differences in outcome of intervention by age (≤19 years and \>19 years) {#s3c1}

In the lone study[@R21] that included both paediatric and adult patients, the paediatric patient with an admission Functional Independence Measure (AFIM) score of less than 30 demonstrated a longer rehabilitation length of stay (RLOS) and a greater Functional Independence Measure (FIM) efficiency (defined as mean FIM gain from admission to discharge/mean RLOS) in comparison with the adults who displayed AFIM scores at less than 30. No other studies reported age-stratified results.

### Differences in outcome of interventions by sex {#s3c2}

Within the included studies, six studies featured both female and male participants.[@R21]

One study from a paediatric setting reported that the female showed an increase in the WeeFIM scores of cognitive functioning and performance from admission to discharge (26--65), while the two males in the study did not demonstrate a consistency in improvement during inpatient rehabilitation.[@R52] In another cohort study, every male showed improvement in the FIM scores from admission to discharge with a score increase between 22 points and 41 points; the two females showed an increased in the FIM score from 37 at admission to 47 at discharge.[@R21] In a case series measuring functional items, findings showed that the male participant improved on five functional items, while the female participant improved on eight items.[@R53] Another study, however, reported no significant difference in functional outcome between sexes, with both male and female participants demonstrating similar patterns of achieved targets throughout the intervention course.[@R54] Lastly, in a study including geriatric participants (\>65 years old), all patients (four females and one male) showed an increase in the FIM score from admission to discharge, an increase of 8--46 points for the females and a 40-point increase for the male patient.[@R55]

### Differences in outcomes by intervention type {#s3c3}

#### Cognitive therapy interventions {#s3c3a}

Nine studies used cognitive therapy interventions to address cognitive deficits with the efficacy of intervention benefits established through the changes in scores on neuropsychological tests from the baseline to follow-up.[@R56] In five of the nine studies, positive changes were observed in cognitive measures' scores demonstrated by test item scores (ie, memory retention and language processing) from preintervention to postintervention.[@R61] Nevertheless, some neurological deficits persisted on participants' completion of the rehabilitation intervention.[@R61] One study reported success in achieving the intervention's stated goals; however, there was no significant score difference documented at follow-up when compared with the neuropsychological measures at baseline.[@R62] Two other studies reported to achieve their stated goals immediately on completion of the intervention; there was no follow-up to assess the sustainability of achieved results.[@R57] Lastly, one study highlighted that the neurological rehabilitation intervention does not guarantee complete recovery for the majority of patients.[@R56]

#### Behavioural therapy interventions {#s3c3b}

Five studies described interventions targeting behavioural deficits of patients following a diagnosis of infectious encephalitis.[@R54] Of these, one study reported that all targeted goals set for their patients at the baseline were achieved at the discharge.[@R63] The other four studies showed improved outcomes among patients on intervention completion and at various follow-up points (5 weeks,[@R54]3 months[@R66] and 6 years after rehabilitation intervention).[@R59]

#### Physical therapy interventions {#s3c3c}

Two studies with focus on physical therapy interventions reported improved motor and sensory function scores from the baseline to follow-up; one study demonstrated excellent outcomes on the 3 oz water swallow test, functional oral intake scale and the swallow quality of life questionnaire,[@R58] and the other study demonstrated lower need of assistance to support activities of daily living.[@R60] No long-term follow-up was conducted for either study.[@R58]

#### Combined therapy interventions {#s3c3d}

Four studies applied combined therapies simultaneously (ie, physical, behavioural, and cognitive rehabilitation) to address neurological sequelae of patients with infectious encephalitis.[@R21] Two cohort studies used neuropsychological and functional status measures for their indicators of rehabilitation interventions' efficacy.[@R21] Both studies reported participants showed score improvement on all functional and neuropsychological measures from preintervention to postintervention.[@R21] Two other studies using a combination of physical, occupational, speech and psychology therapy found that patients showed significant improvement in scores at the end of treatment compared with baseline scores; however, at the time of follow-up, the majority of patients did not return to normal function and still showed perceptual and cognitive impairments.[@R52]

Differences in effectiveness of interventions by rehabilitation baseline status {#s3d}
-------------------------------------------------------------------------------

Nine studies did not study whether the level of functioning at the baseline had an influence on the intervention outcome. One study reported associations between baseline functional scores with discharge destination from rehabilitation setting.[@R21] In three studies, authors reported that the level of cognitive capacity prior to the intervention was conducive to the success of intervention goals.[@R57] Two studies attributed the outcome of rapid recovery to the short time since infection (TSI).[@R53] Another study attributed a patient's severe cognitive, communicative and behavioural impairments at discharge to a longer TSI.[@R53] In a behaviour therapy-based intervention, however, several researchers felt that the rehabilitative interventions were introduced too early, and the patient's anxiety of a new therapy could have hindered its successfulness.[@R54]

Discussion {#s4}
==========

We conducted a systematic review in order to investigate the effectiveness of rehabilitation interventions to assist with neurological sequelae of infectious encephalitis and determine the prognostic value of demographic, clinical and therapy-specific features on rehabilitation outcomes. Of the 20 primary research articles evaluated, all studies at least partially addressed sources of potential study biases, but none of the studies scored more than 50% on the Downs and Black rating scale. All studies suggest a beneficial effect of rehabilitation interventions in a variety of settings among paediatric and adult patients with infectious encephalitis, with several studies highlighting incomplete recovery and persistence of residual impairments on completion of rehabilitation intervention. We did not find clear evidence of the effect of age, sex, type of infectious agent or intervention type on the effectiveness of rehabilitation intervention in patients with infectious encephalitis.

The majority of included studies that had a low level of evidence (ie, clinical cases and case series) reinforce the consensus within the brain injury rehabilitation community that there is an increasing need for stronger evidence (ie, randomised trials) on treatment effectiveness.[@R71] The paucity of good quality intervention studies in patients with infectious encephalitis may be explained by challenges in establishing a diagnosis (ie, patients with infectious encephalitis frequently demonstrate sight and symptoms similar to other generalised brain disorders, and many are likely missed in the acute care), response to medical management, the variability in the clinical picture (impaired motor/movement and/or sensory integrity, arousal and/or attention level and so on) as well as the patient's unique central nervous system characteristics and the degree of inflammation produced by the infection agent. The specifics of individual impairments stemming from infectious encephalitis requires, therefore, a thorough baseline evaluation and development of interventions that are extremely dependent of individual patients' need and, as such, an adaptive study methodology that is reflective of both the natural course of the infection and the magnitude of change from each episode of the intervention process and across the continuum of interventions.

With regards to differing treatment outcomes between children and adult patients, ageing has been one of many other factors that may influence effectiveness of rehabilitation intervention and recovery. Discussion on this topic is limited, as only one study[@R21] demonstrated that having a younger age during the time of treatment and presumably time of brain injury may possibly be a protective factor on the outcome of encephalitis. Studies from other populations with generalised brain pathology (ie, TBI) have also highlighted younger age groups showing a greater magnitude of improvement throughout the course of rehabilitation when compared with an older patient groups.[@R35] Age at time of injury has been suggested to have a noteworthy impact on functional and cognitive recovery of TBI.[@R72] This impact of age might be explained by the higher developmental ability of the young brain, where deficits of injuries can be compensated by progressing developmental, reorganisation and myelination processes.[@R75] To illustrate such, a previous study found children with total functional dependence due to severe brain injuries still have the ability to make significant functional gains at discharge and afterwards.[@R75] As such, future studies are needed to provide a comprehensive discussion on the age as it relates to the peak of the immune response to infectious encephalitis, capacity to respond to intervention and recovery time frames.

The included studies in our review also displayed the use of different combinations of intervention techniques, making it problematic to draw conclusions with respect to what type of intervention is generally more effective. For the majority of interventions using cognitive and behavioural-based techniques, there was an overall positive effect on rehabilitation outcome measures at differing follow-up points. However, residual impairments persisted. Compared with outcomes of rehabilitation interventions conducted in other brain injury populations where heterogeneous interventions types are also present, there is substantial evidence to support cognitive rehabilitation for people with TBI and have since created practice guidelines based on this evidence.[@R76] This may be useful for clinicians when developing treatment plans for patients with encephalitis patients in need of cognitive remediation as both TBI and non-TBI patients similarly go through changes in neuronal activity, which affects the physical integrity, the metabolic activity and the functional ability of the cells.[@R78]

Studies that reported on patients' baseline status noted that higher baseline scores demonstrating greater cognitive capacity might have a positive influence to the intervention outcome. This finding coincides with literature stating that premorbid conditions (eg, learning disability), comorbidities (eg, stress-related psychotic disorders) and socioenvironmental contextual factors prior to rehabilitation can affect the cognitive and functional recovery from a TBI.[@R79] These were noted by authors as three relevant factors that may interfere with an individual's response to rehabilitation following a TBI.[@R79] Additional research on individuals with a non-TBI, including encephalitis, is needed to determine the specific effect of baseline functioning on recovery.

The evidence remains inconclusive for sex differences in relation to encephalitis recovery, as available data from included studies do not suggest a trending difference of rehabilitation outcomes between the sexes.

Limitations {#s5}
===========

The findings of this systematic review should be considered in the context of several limitations: quality of evidence, heterogeneity of studies and natural process of recovery. First, all studies were rated as having less than 15 out of 31 points based on the Downs and Black rating scale. This review had no studies that used an RCT design, but rather the majority of included studies were case reports/series with small sample sizes (less than 25 patients). This level of evidence demonstrated within the included studies presents limited data to demonstrate the effectiveness of the included interventions and therefore make it difficult to develop strong conclusions for the efficacy of rehabilitation strategies to the encephalitis population for a longer time span. For future research, studies should consider applying higher quality methodological designs to take into account the heterogeneity of patient characteristics in rehabilitation settings.

As mentioned previously, another limitation to this review is the heterogeneity of the study populations. Comparing populations with different aetiologies of infectious encephalitis (ie, difference in infectivity and pathogenicity), varying timespans from the beginning of infection and the use of diverse assessments tools to measure functional gains may make it difficult to make conclusive remarks on which rehabilitative interventions is most effective.

An additional limitation of the included studies is the heterogeneity of age between patients and the lack of studies to stratify this analysis by age as the results cannot display the differences in clinical manifestations and outcomes between infants and older children with encephalitis. This varying difference can also be said for the adult population when comparing the brain recovery of young adults and elderly patients. This is an important area for future research and, as such, future studies should consider using subclasses for these age categorisations when analysing rehabilitation outcomes.

Lastly, an inherent limitation of conducting and reporting rehabilitation outcomes is the possibility of natural process of recovery and the differing needs of individual patients that may influence the rehabilitation outcomes[@R51] following encephalitis. This factor can impact the success of rehabilitation and may not be necessarily accounted for or captured throughout the case series/studies described in this review. This limiting factor in current studies highlights the need for comparison groups in the future.

Implications {#s6}
============

In all, there are certain implications that can be taken from this review on outcomes of rehabilitation interventions focused on infectious encephalitis. The findings of our review corroborate the need for strong randomised, blinded and controlled research designs including large prospective studies to follow this patient population until maximal recovery is achieved, standardisation of measures and adequate statistical analysis.[@R80] Of additional benefit would be studies spanning internationally, taking into account the capacities of different healthcare systems when addressing rehabilitation care for encephalitis.

Conclusion {#s7}
==========

Our findings point to the potential benefit of several interventions focused on rehabilitation after a diagnosis of infectious encephalitis in improving functionality. There is, however, a need for research focused on evaluation of the effectiveness of such interventions in larger scale prospective studies to disentangle improvement by rehabilitation treatment and that by natural processes over time.
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